It is shown that the solvent dependence of the fluorescence wavenumber and decay time as well as the solvent dependent effect of an external electric field on the absorption and fluorescence spectra of 4-(9-anthryl)-N,N-dimethylaniline can be fully understood taking into account reaction field induced polarizability effects.
I. Introduction
Electrooptical emission measurements (EOEM) have proved to be a reliable method to determine electric dipole moments of molecules in solutions in excited fluorescent states [1, 2] . As has been pointed out in [1, 3] , EOEM give dipole moments of molecules in excited equilibrium states in contrast to electrooptical absorption measurements (EOAM) [4, 5] , that give dipole moments of molecules in excited Franck-Condon (FC) states. Equilibrium state means that all nuclei of the solute itself and the surrounding solvent molecules have relaxed after excitation to a new equilibrium before fluorescence takes place. This is valid if the relaxation processes involved are much faster than the fluorescence process. If there is a considerable structural change of the molecule while relaxing from an excited FC to an equilibrium state, one could hope to find different values for the dipole moments of a polar molecule in excited FC and corresponding equilibrium states.
So it seemed to be an interesting experiment to do EOEM work on 4-(9-anthryl)-N,N-dimethylaniline (ADMA) in different solvents, as there are some hints coming from various experiments in the literature that there is a structural change after excitation depending on the solvent used.
Mataga [6, 7, 8, 9] and Chandross [10] , too, have found an unusual behaviour of the fluorescence of ADMA. The fluorescence spectrum gets more and more an unstructured and broad band when passing from nonpolar to polar solvents. At the same time the fluorescence is strongly shifted to the red, so Reprint requests to Prof. Dr. W. Baumann, Institut für physikalische Chemie der Universität, Jakob-WelderWeg 26, D-6500 Mainz.
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indicating a large dipole moment of the fluorescent state. Figure 1 shows a plot of the wavenumber v e of the fluorescence maximum against for various solvents, Avhere e is the dielectric constant of the solvent. Malaga's [7] wavenumbers have been used, and the solvent parameter This can be done in a very good approximation, because
is nearly not solvent dependent compared with (e-l)/(2e+l). Obviously, this plot Fig. 1 does not show a straight line. Mataga [7] pointed out that the [7] (see text).
curvature could be due to a solvent dependent change in the electronic structure of ADMA, resulting in a solvent dependent dipole moment jua, of the fluorescent species. Mataga's [6] [7] [8] [9] [10] [11] and Grabowski's [12, 13, 14] groups have done much work in order to elucidate the nature of the observed fluorescence.
It seems that all this spectroscopic and kinetic work cannot unambiguously favour a simple model or theory. First of all it is not quite clear whether there are two emitting states or species that have different dipole moments or not. This could be elucidated very simply by electrooptical emission measurements.
Second, even in nonpolar solvents the broad fluorescence band is nearly unstructured, whereas the first absorption band is clearly structured, very similar to 9-phenylanthracene. This is shown in Figure 2 .
So, at the first glance it seems that the emitting state could be another possibly structurally relaxed state than that reached by absorption. Time resolved fluorescence and kinetic studies from Grabowski's group [12, 13] seem to show this, although solvent reorientation kinetics could account for the results of these experiments, too [15, 16] . With reference to Fig. 2 it must be emphasized that there is a longwavelength shoulder in the absorption spectrum in contrast to 9-phenylanthracene. Figure 3 shows that this shoulder is redshifted if the solvent polarity is increased. This shoulder is described by Mataga [7] as a CT transition, possibly of an ADMA conformer. Electrooptical absorption measurements are a very powerful method to show whether this shoulder is a longwavelength electronic transition to a state more polar than the locally excited state reached by the anthracene-like absorption. The comparison of the dipole moments found in the longwavelength shoulder and in the anthracene-like absorption with the dipole moment determined by electrooptical emission measurements should give a hint to a possible correspondence between the fluorescent state(s) and the FC states reached by absorption.
II. Theoretical and Experimental
The theory for EOEM has been discussed in detail in [3] . EOAM has been developed in a lot of papers by Labhart [17 -19] and Liptay [4, 5, [20] [21] [22] [23] whose most elaborated theoretical model has been taken for EOEM in [3] , too, in order to get results from both methods, which can be compared on the basis of the same model. According to Onsager [24] and Schölte [25] in this model the solute molecule is considered to be a polarizable point dipole fixed in the center of a cavity, the dimensions of which are of the order of the dimensions of the solute. In the most simple case this cavity is approximated by a sphere with radius a. This spherical approximation is used throughout this paper.
If the lifetime of the excited solute molecule is much longer than the orientation relaxation times of the solvent molecules and the solute molecule in solution, the following equations hold for EOEM [3] : 
Quite similar equations hold for EOAM [4, 5] : 
/a = I m a Zl a p.| 2 .
In these terms it is ß=l \kT (25) with the Boltzmann constant k and the temperature T. L(x°, r a°) is a constant, which arises from the influence of the external electric field on the absorption. m e and m a are unit vectors in the direction of the transition moments involved in the fluorescence and absorption process, respectively. m e ' and m a ' are tensors which describe the field dependence of the transition moment, as defined in [3] .
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( 44) The experimental setup for EOEM work is described in [26] , a detailed study of EOAM apparatus is given in [27] .
III. Results

III.l. Fluorescence Decay Times
With reference to [3] it is a strong demand that fluorescence decay times are much longer than reorientation times of the solvent and solute molecules. Otherwise the simple terms Eqs. (1) to (12) cannot be derived from EOEM experiments. So the fluorescence decay times in the solvents used have been determined by single photon counting methods. All solutions have not been de-aerated as the measuring cell for EOEM work cannot be sealed hermetically. Table 1 shows the results. The values found for Tf are much larger than the reorientation relaxation times in these solvents, as is necessary for the evaluation of EOEM results. It must be emphasized that tf could be shown to be single exponential over more than three decades. This means that there is only one fluorescent species or state or a solvent dependent thermal equilibrium of two nearby electronic states in both solvents.
III.2. Low Temperature Fluorescence and
Excitation Spectra of ADMA and Their Anisotropy Figure 4 shows in a logarithmic scale the fluorescence and excitation spectra of ADMA and in a linear scale the anisotropy spectra of the fluorescence and excitation.
The anisotropy r is defined according to Jablonski [28] r -.
If the exciting light is linearly polarized, I\\ denotes the component of the fluorescence light parallel to, I ± that polarized perpendicular to the excitation polarization direction.
Decaline-methylcyclohexane (1:1) solutions have been glassy frozen and spectra have been taken around 110 K at 0.03 mol m -3 concentrations and at optical band widths of 200 cm -1 . It could not be excluded quite certainly that the cell windows got dimmed to unvisibly small amounts, so the absolute values of the anisotropy could possibly be a little bit higher.
The excitation anisotropy is very similar to that of anthracene [29] . It must be emphasized that it is nearly constant at its maximum value at the longwavelength shoulder of the excitation spectrum. Over the first vibrational bands it drops down a little, but it seems possible to do EOAM work not only in the longwavelength shoulder but in the first vibrational structure, too. The anisotropy spectrum of the fluorescence shows a very constant degree of anisotropy, so EOEM work should also give meaningful results. On the other hand these anisotropy spectra should not be overemphasized because they have been obtained at 110 K. EOAM and EOEM work is done at 298 K, thus the conditions could have changed very much. Especially, if the existence of an equilibrium of conformers is taken into account, the results of 110 K cannot be transformed to 298 K.
An important result is that the degree of anisotropy of the fluorescence at 298 K is smaller than 0.03, thus indicating that the lifetime of ADMA is much longer than all reorientation relaxation times involved. This is a further proof that the Eqs. (1) to (12) can be taken for the evaluation of EOEM data.
III.3. Results of EOEM work
Because of problems arising from dielectric breakdown in polar solvents, heptane as a nonpolar and dioxane as a pseudopolar solvent have been chosen. Both solvents have been freshly refluxed over NaK alloy for many hours before use. ADMA has been taken as supplied by Z. R. Grabowski. Fluorescing photoproducts that sometimes arose after some time of excitation, were eliminated by changing the solution.
Figures 5 and 6 show the fluorescence quantum spectra p{ve)lve 3 of ADMA in heptane and dioxane and the primary spectrum X(y, v e ) of EOEM as defined in [3] . In Fig. 5 two independent spectra X((f, v e ) have been given to show the experimental error.
From these spectra X(q>, j~e) the terms deviations as a measure for the statistical error in Table 2 , together with the excitation wavenumber j~a and the fluorescence spectral bandwidth dv e . In both cases the regression could be done over the entire fluorescence band, so showing a homogeneous fluorescence band. So a fluorescence of two conformers with different dipole moments or different spectra can nearly be excluded. On the other hand, the existence of two emitting nearby Table 3 can be determined. 
III.4. Results of EOAM work on ADMA in the Longwavelength Shoulder
Electrooptical absorption measurements on ADMA have been performed at 298 K in heptane, dioxane and benzotrifluoride. The absorption spectra are shown in Figure 3 . to the square of the change of the dipole moment with excitation in a good approximation with ADMA, the longwavelength absorption shoulder must be interpreted as a transition to an excited FC-state, that has a large dipole moment, as it would be with Mataga's [7] ,,CT-state". As it was impossible to find any concentration dependence from 0.02 mol m -3 to 1 mol m -3 , this absorption cannot be attributed to a dimer absorption, whereas it could be assigned to as an absorption of a conformer of ADMA, with respect to the EOAM investigations. The quantitative evaluation of data from EOAM is a little bit difficult because of the superposition of the two absorptions. In heptane a regression analysis could be performed, the results of which are given in Table 4 . From F a = G a^> 0 it follows with Eqs. (21), (22) 
III.5. Results of EOAM work on ADMA in the Anthracene-like Absorption
Although the degree of anisotropy of the excitation is not constant in the anthracene-like absorption, an evaluation of EOAM data could be performed by a complete regression according to Eqs. (13) - (18) . The results are shown in Table 6 , as well as the wavenumber interval taken for the evaluation and the spectral bandwidth used with EOAM.
The further evaluation of these data cannot be done similarly to the data from the longwavelength shoulder. Polarizability terms and transition polarizabilities cannot be neglected because of the small numbers in Table 6 compared with Table 4 .
First it is assumed that tr m a ' = 3 m a m a ' m a , second (3m a ct g m a -tr a g ) is estimated to be (8 ± 8) Table 7 .
IV. Discussion
I V.l. Discussion of the Results of Electrooptical Investigations
From solvent shift measurements of the fluorescence and from EOEM it follows that the emitting state is a highly polar one. EOAM investigations showed that there is a transition to a highly polar excited FC state nearby the anthracene-like transition. In nonpolar heptane the dipole moment jUa, FC from Table 5 may directly be compared with // a from Table 3 . This is shown in Table 8 .
The comparison of the dipole moment /Ua, of the fluorescent state and the dipole moment /z a FC of the excited FC state corresponding to the longwavelength absorption shoulder supports the idea that the emitting state is the same as that reached by absorption in the longwavelength shoulder. A TICT formation [13] cannot be observed as it should show a large increase of the dipole moment ju a . At the most a conformation that promotes TICT formation could be existent already in the ground state. An encouragement of the TICT formation with increasing solvent polarity cannot be observed. This is shown with all respect to the limited validity of Eq. (41) in dioxane by comparing Table 3 and jMa  FC Table 5 .
So a relaxation after excitation forming a new more polar species (like a TICT state) cannot be established. From Table 3 it can be seen that the dipole moment /u a of ADMA in polar solvents is found to be larger than in nonpolar solvents. This fact is in good agreement with the solvent shift measurements of Mataga [7] and it has been taken as a fact advanced for a change of the structure in the excited state [12] .
Hz
In the following it is shown that the solvent dependent dipole moment /bt a may be understood very well on the basis of a single conformer independent of solvent, in the ground and excited state.
The polarizabilities give rise to additional dipole moments induced by the reaction field. So /Ua° can be assumed to be independent of solvent. From Eq. (27) follows with /Ua, taken from Table 3 From solvent shift measurements [30, 31] it is well known that the reaction field in dioxane is described by a dielectric constant e of about 5 or 6.
So for further evaluation the following values are taken for £ and n: £dioxane = 5 (or 6) , 
Without further assumptions the terms given in Table 9 can be calculated from Eqs. (46) and (47).
With the values from Table 9 /u a° and ju g° are determined and given in Table 10 .
ADMA has a dipole moment of around 19 • 10~3 0 Cm in its first excited singlet state and about 4.5 • 10 -30 Cm in the ground state. The assumptions on e do not influence the results very much. So it could be shown that the solvent dependence of of ADMA might be due to reaction field induced polarizabilities.
IV.2. Discussion of the Solvent Dependence of the Fluorescence of ADMA
In Part IV. 1 it has been shown that implicit polarizabilities cannot be neglected if dipole moments of ADMA are determined by EOEM. Then it must be supposed that polarizabilities give rise to solvent shifts in addition to effects caused by permanent dipole moments. Then, Lippert's [32] and Mataga's [33] equations are no longer valid, but Liptay's equations [30] have to be taken, which take into account polarizabilities.
From Table 9 follows that it is a a° -a ? 0 <a g 0 . So the last term in Eq. (26) 
From Table 9 it can be seen that /a a° is not small compared to 1. So a Mataga-Lippert plot of v e against / (or / -\f') cannot show a straight line.
Defining g -(e -l)/(2e ± 1), and taking £dioxane = 5, Eq. (50) may be rewritten using the values Table 9 .
A plot of v e against F(g) Eq. (52) is shown in Fig. 9 using Mataga's [7] v e , recalculated as mentioned above. This plot shows nearly a straight line.
This procedure has been repeated, taking «dioxane = 6. This leads to the same Eq. (51) with
A plot of v e against F (g) Eq. (53) according to Eq. (51) is shown in Figure 10 . This plot shows a very good straight line.
As the slope of this line is very much smaller than in Fig. 1 , a permanent dipole moment will result that is much smaller than that reported by Mataga, The fact that a good straight line is obtained in fluorescence solvent shift measurements only, if polarizability terms are taken into account, must be looked upon as a proof that the interpretation of the results of electrooptical investigations on the basis of polarizability effects is correct. On the other hand, from these experiments no quantitative statements can be done with respect to the description of the internal field or even to an effective dielectric constant e of dioxane. In order to do this, extensive electrooptical investigations in many really dipolar solvents must be performed. Table 11 shows these results. a j 0 is in very good agreement with x g° from group polarizabilities, thus once more confirming the interpretation of the fluorescence behaviour of ADMA given in this paper.
The cavity radius determined experimentally and shown in Table 11 seems to be a little bit small as compared to a -5 • 10 -10 m, estimated from molecular dimensions.
But it must be taken into account that all considerations in this paper have been done in point dipole approximation. Quadrupole terms have not been taken into account. Furthermore, the assumption that the point dipole is in the center of the cavity, is a simplification with ADMA. All these unknown things are taken into account by the cavity radius as a parameter but as a parameter that could be determined experimentally.
IV.3. Discussion of the Solvent Dependence of the Rate Constant of the Fluorescence of ADMA
It is well known [6, 7, 34] that the rate constant kt 8 of the fluorescence of ADMA solutions decreases with increasing solvent polarity. While Ref. [6] shows a monotonous decrease, Ref. [7] reports an abrupt decrease beyond e = 4 to 5. This is interpreted as a hint to a solvent induced change of the structure of ADMA. In the following it is shown that this effect can also be understood, if polarizabilities are taken into account. Using Liptay's [31] Figure 11 . The values of Refs. [6] and [7] have been used as well as two values from Grabowski [34] .
The first four points differ very much in Refs. [6] and [7] where kt 9 has been taken with the quantum efficiency rj of the fluorescence, rj = 0.3 in hexane is taken from Ref. [7] and is in perfect agreement with [34] . The lower kt use to be the more certain ones and as there are no comments on the discrepancy in Ref. [7] and as Grabowski's kt value in n hexane is smaller than in [6] , the larger values for kt in the nonpolar or weakly polar solvents are neglected.
From the slope of the straight line in Fig. 11 (me'°)zz is determined to be:
With this value, D e can be determined according to Equation (7 This is a reasonable value but it cannot be determined experimentally, as D e -\-3L(/°, f a°) only is an experimental value. So a comparison with results from EOEM work is not possible.
But if we assume that the transition moment and its field dependence is the same for absorption and VR/ns^ [7] ; • • • according to [7] (DMF-MCH mixtures); • •• according to [34] .
fluorescence, D a may be calculated using Equation (19) . In heptane D a is found to be Da= -38-10-20 V-2 m 2 .
This value can be compared with 2) a from Table 4 . Table 4 shows D a = (-70 ± 20) • 10" 20 V" 2 m 2 . This is in very good agreement if it is taken into consideration that Z) a is very small compared to and that the experimental error given for D a is a single standard deviation only. Furthermore, it must be taken into account that there are additional errors from possible systematic errors suffering from the superposition of two electronic transitions in the absorption spectrum.
So the solvent dependence of kt s can also be understood consistently with the ideas described above, if terms like (1-/a a°) are not neglected.
V. Electrooptical Investigations on Some Similar Molecules
Grabowski and his group [12, 13] not only have exploited spectroscopic and kinetic data on the fluorescence behaviour of ADMA but also on 4-(9-anthryl)-3,5-dimethyl-N,N-dimethylaniline (DMADMA) and l-methyl-5-(9-anthryl)-indoline (MAI). This came from the idea that different conformers emit in different solvents [12] . So a steric hindrance should give more insight into the photophysics of these molecules.
A lot of samples of Grabowski's DMADMA and MAI have also been thoroughly investigated by electrooptical methods. These molecules show a quite distinct longwavelength shoulder in the absorption band similar to ADMA. The results of electrooptical measurements on this longwavelength shoulder in the absorption spectrum and on the entire fluorescence spectrum have been taken from similar considerations and computations as have been discussed in this paper for ADMA. The main results are given in Table 12 .
Estimating (3m a o ? m a -tra ? ) to be (8^8) • 10 -40 CV -1 m 2 , some dipole moments can be determined from electrooptical absorption measurements in the anthracene-like absorption, quite similar to those determined for ADMA in Chapter III.5. These dipole moments are given in Table 13 together with the values found for ADMA.
From these results and those of The results are shown in Table 14 .
The agreement between /j, a and ju a FC as well as between jj,g and /ug FC is good, taking into account the problems mentioned in Chapt. III.4 and considering the fact that /u g FC is given as a small difference of two large numbers. So the absorption This observation also holds for the pseudopolar dioxane and for benzotrifluoride or fluorobenzene.
Because of problems arising from the superposition of the longwavelength absorption shoulder and the anthracene-like absorption, the data determined from EOAM are not used for a quantitative determination of the dipole moments of the free molecules DMADMA and MAI. So a procedure can be followed quite similar to that given in Chapt. IV. 1 for ADMA. Taking £dioxane to be 5 as discussed above, the dipole moments given in Table 15 can be determined where /z a° of ADMA has been taken from Table 11 for comparison.
YI. Concluding Remarks
So all results of electrooptical measurements on ADMA, DMADMA and MAI can be understood by taking into account implicit polarizability effects, as induced by the solute point dipole via the reaction field. No conformational changes have to be assumed in order to explain these data, so forwarding the interpretation that there is really no conformational change after excitation nor a solvent dependent conformation in the solvents used in this paper.
In addition it seems to us that most of the results of experiments on these molecules as discussed in the literature can also be understood by solvent induced polarizability effects. So we believe that there is no experiment up to now that strikingly shows whether TICT formation and/or solvent induced polarizability effects stand for the fluorescence behaviour of these molecules. On the other hand we must see that the experimental results of this work can also be explained in the sense of Grabowski's TICT theory, as has been shown in Reference [35] .
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